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MICROCRYSTALLOSCOPY: QUALITATIVE MICROCHEMICAL
ANALYSIS OF INORGANIC BUBSTANCES

Prof I. M. Koremman, Dr Chem Sol
Gor'kiy State U

This 320-page book 1s& authorited by the Ministry of Higher Rducation USSR as
a textbook for chemical specialiste in snstitutions of higher learning. It can
also serve as & text for chemists and analysts working in resoarch and plant lab-
oratories, aud ie useful for peraons familiar with qualitative chemical analysis
and with the basic concepts of orystallography and crystallochemistry.

INTROPUCTION

Resctions involving 0.0l milligram or iess of an unknown substance or ion are
consldered by chemists to belong in the range of microchemical analysis.

To carry out chemical analysis weing micromethods, very guall quantities of a
determinable substance are required. Therefore, analysis can be oarried out in
cases where the analyst has only a few grains or drops of the substance availarle.
Thie circumstance psrmits one to determine the composition of the substance of fin-
jehed manufactured articles practically without impairing their external form or
veight. The analysis of explosives, funes, malodorous substances, end the like is
associated vith some danger or umpleasantness, which ie obviated in working with

small qrantitlies.

Microchemical analysis can aleo be of advantuge in cases vhere investigations
muat ha conducted in a short tims (whiochk 1e oftea necessary). Almost all operations
of qualitative microcheminal analysis are distinguished by rapié execution, 81ncs
f1ltration, vaporizationm, calcination, and other operations require a very smell

amount of time.
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' Speed mid accuraéy of the exscution of d-terminations, portability of the
apparatus, end negligible expenditure of roagents meke microchsmical analysis
very valuable, and in meny cases it is the only possible method of Investigatiom.

Several methods of microchemical analyeis ars known. Among these are drop
suslysis, elecirocapillery analysis, microcrystalloscopic analysls, and several
other methods which have not been ussd widely. imong micromethode it i necessary
to menticn also reactions by dry methods, nemsly, reactions involving the color of
flemme end reestions in borax besds.

The sublect of this book is nicrocrystallescopic analyele, & nethod of quall-
tative enaliyeis based on reactions in the production of cheracteristlc crystalline
precipittes. These precipitates are ovsasrved undsr e microacope, end upon the
besis of the oxternal appsarance of the cryatels a conclusion is reached conscern-
ing the presence of unknown or sought-for ioms.

The microchemical enalyeis of eteels has been widely employed in practice
for about 50 yeare, ever mince the appearance of the classic handbook of the Swed-
1k chemist G. Berens {1895). However, lang before G. Berens' work appeared the
Buselen scientist T. Ye. Lovits {1798) indicated the possibility of conducting
qualitetive analysis mmder the microsacops, by utilizing the formation of crysiel-
line precipitates, In 1903, Academician D. 8. Balyankin published a small mono-
graph, "A Short Handbook on the Miorochemical Analysis of Minerals.” Micrcanalyais
doveloped in our cowntry in the 20 years follewing the appesrance of that hendbook.

It is possible to introduce a long peries of names of Soviet sclentists and
vorkers in microchemicel snalysis who are well known outside the USSR. The works
of I. P, Alimarin, S. P. Gvozdev, 6. I. D'yachkovekly, A, B. Komarovekiy, M. O.
Korshun, L. M. Kul'berg, L. L. Melyarov, N. A. Tananayev, their co-workers, and
others should be noted. The euthor of this book and his co-vorkers have vritten
a series of monographs on microchemical analysis and have carriled out many experi-
~ments.

Part I of this book discusses the problems, importent for qualitaetive analysis,
of esensitivity and specificity of reactions and the factors influsncing the sensi-

tivity of reactions.

Part II describes well-mown microcrystalloscopic reactlons for cations and
anions. Frr each ion, the most studled and investigated reactions are noted first,
and thereefter the least studied reections are introduced.

Part III gives examples of the applicaticn of the microcrystalloscopic method
to qualitative enalysis of several important practical obJects (alloys, pigments,
vater).

Part IV contains tables with concise characteristice of the majority of known
microcrystalloscopic reactions for catione and anions.

TABLE OF CONTENTS
I. General Part
A. BSensitivity amd Specificity of Reactions

Detectable Minimum Quantity
- Liniting Concentrations
Other Methods of Expreasing the Sensitivity of a Reaction
The Influence of Verious Factors Upon the Sensitivity of &
Reaction
Limiting Ratios
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Méth@(ﬁoley dnd Techniques o1 ‘Mi¢rocrystalloscopic Analysis

Apperatus Ussd in Nicrocryatalloscopic fnalysis
Reagents
Hothods c¥ Microerystalloscopic Analysis

II. Speclal Part
A. Cations

Grouf V: K, Fe, HH;,, Li, Mg, Rb, Cs
Group IV: Ca, Br, Ba ’ :
Group III: A, Cr, Fe, Mn, Zn, Co, Hi, U, Bs, Ti, Zr, Th,
80, La, Ce, Pr, N4, Sm, Er, Y, Te, §b :
Group II: Hg, Pb, Bi, Cu, Cd, As, 8b, 8n, Aw, T1, In, ., ) P L
' ¥o, W, be, Ts, Gs, Fu, Rw, Bh, P&, Os, Ir, Re . )
Group - I: Ag, Ph, Hg i e e
B. Anioma : .
Group I: KCL, HBr, HI, HCN, Ferrccyanic, Ferricyunic, Riodenic
Group II: HNO0x, Ep8, HAc
Croup III: 6wl ws, Carbonis, Boric, Iodic, Eromic, Oxalic,
Terteris, Citric, and Pyrophosphoric
Group IV¥V: Fhosphborie, Thioswlfuric, Arsenic; Arsenous and
Chromic Acids ‘
Group V: Nitric, Chloric, Perchloric Acids )
Group VI: Sulfurlc, Hydrofluoric, Fluosiliclc Acide
Group VII: B8ilicic Acids
TII, Microchemical Analysis of Some Technical Objects
A. Microchemical Analysis of Water
B. Microchemical Analysis of Metals and their Alloys
C. Microchemical Identification of Inorganic Pigments
IV. Tebles of Microorystalloscopic Reactiona '
A. Cation Reactlous

B. Anlon Reactiomns f
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Besulie oi calculabiodo 01 Polelive el sgivy i ruwld gtatey wru given

in Tables 1 end 2 which follow:

Tadble 1. - ¥nergy of the Ionic State of Hydrogen Fluoride
R (A) 0.85 .0.95 1.06 ,1.16 (1.20),1.27.. 1.38 1.59.  2.16

Biop 1n kilocel- Co o ’ Ly SR
ories/mole . T7.6 . '37.5..'19.3:.13.2 . (12.3)} 13.9.0 18,100 31.7

Byop 1nelec-
tron volts/

mole 337 163 0.84 0.57 (0.53).0.60 0.79  1.38.

Table 2. Energy of tho Ionié State of Hydrogen Chloride

R (&) 1.28 1.59 (1.80) 2.12 2.65 E
Eion i kilo- . . . .
calories/mole 1404 75.9 (70.4) 75.2 98.6
Pion 1n electron i \ ‘ e
volte/mole C7 6.09 Ty T (308) 5260 T b.28

If, from the date in these two tables, the curves E(R) were plotted, the
minimun energies and corresponding internuclear intervals would be as follows:

Eion (E4F-) = 12.3 kilocalories/mole = 0.53 electron volts/mole; Ro(H#F-) =
1.2 A, and

Eqon (E+C1l-) = 70.k kilocalories/mole = 3.05 electron volts/mole; Rg
(8¢ 013 - 1.8 A.

The vibration frequenciles of the lonic etates were calculated by compari-
son of curves for the energies of the ionic state and the actual molecule of a
hydrogen halide in the range of minimum energy. If experimental values 4,141
and 2,989 centimeters-l, respectively, for the frequencies of a molecule of
hydrogen’ flucride and e molecule of hydrogen caloride are taken, then the vi-
bration frequencies of the iomic states are equal to 2,870 and 1,500 centi-
meters-l, respectively.

On the basis of this data, 1t was concluded that the ionic states of
hydrogen fluoride and hydrogen chloride are characterized by mare balanced
internuclear intervals and lower amplitudes of vibration frequency than the
actual molecules. (The equilibrium internuclear intervals for hydrogen fluaride
and hydrogen chloride are 0.92 A and 1.28 A, reapectively.)

Obviously, & change in the lonic state (1.e., the polarity, a change in
which 1s equivalent to a change in the cosfficient of the wave function descrid-
ing the lonic state) of the chemical bond mmset cause a change in both the vi-
bration frequency and the interatomic interval of the chemical bond In such &
manner that the magnitude and 4irection of the change in frequency and inter-
nuclear interval depend on the nature of the perturbation.
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‘In'en’ intermolecular interaction, a chw.ige in the polarity depends on the
distance betwesn the centers of the molecules and their mutusl orisatation.
In this sense, Batuyev's (%) results are of greet interest in showing that the
froquency of the hydroxyl group of monameric fatty acids were the very lowest
hydroxyl frequencies in lfeclated molecules cobeerved up to this time. later,
he tied this up with the tendency of the hydroxyl bond to digsociate and ob-
geived that the greater the humopolarity of the hydrozyl bond, the greater itg
combination frequency; and the graater its electovalency, the lower its coubina -
tion fregquency. :

In the caee of an incremse in the polarity of molecules of hydrogen fluorids,
end chloride, a decresse{s displacemsnt to the reglon of long waves) can be expscted
in the vibration frequencies of thesa molecules, not excluding algo en iacrease SRS
in the internuclear interval. A dlsplacement of the frequency into the long- R A
vave renge during the transition from the gnseous to the liquid stats was oh- : o
served far poth halide compounds. )

It 1g concluded thet 1% 1g necesgary to conslder the change in the iomic
state (polarity) of the chemical bond as one of the reasons for the changes in
fraquency and aleo, probadly, the internuclesr digtance which takes place me a
repult of interactions (intermolecular and Intramolscular).
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